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ABSTRACT
Applicability of an Electronic Semiautomatic Somatic
Cell Counter to Dairy Herd Improvement
Milk Sample Testing
by
Nianwei Wang, Master of Science
Utah State University, 1975
Major Professor: Dr. Gary H. Richardson
Department: Nutrition and Food Sciences
The Technicon OSCC II was evaluated for application in dairy
herd improvement central laboratories.

Dilution using a Fisher

Autodiluter made sample preparation for assay less time consuming and
more convenient and resulted in the same accuracy as with the manual
syringe technique.
Sample storage and the presence of a potassium dichromate preservative tablet had little effect on somatic cell count when tested within
two days at room temperatures (20-23 C) or within four days at refrigeration temperatures (4-7 C).

The preservative tablet caused an average

increase of 14,000 cells/ml.

The average cell count dropped 26 percent

following two days at 20-23 C.
Potassium dichromate interfered with the protein determination
of milk using the Udy dye-binding method.
There were poor correlations between somatic cells and various
milk components from 1292 random milk samples from three herds during
a six month survey.

viii

The best correlat ion found between somatic cells and casein/
protein (%) was -0.32 in the G. W. Salisbury herd and -0.58 in the Utah
State University herd in January, 1974.
Cost of running a somatic cell count was estimated to be 6.6
cents if 10,000 samples were assayed monthly.

(96 pages)

INTRODUCTION
For many centuries, bovine mastitis has been a prevalent disease
with which dairy researchers and farmers have been contending (Agricultural Research Service, U.S. Department of Agriculture, 1970; Department of Agriculture Mastitis Comm., 1970).

It decreases milk yield,

increases costs for running the dairy farm and can cause various
compositional changes in milk (Guthrie and Guest, 1964; Ashworth et
al., 1967; Sharma and Randolph, 1974).
Mastitis is generally accompanied by bacterial infection.

Staphy-

lococci are more resistant than streptococci to certain antibiotics
and are slowly replacing streptococci as the principle causitive agents
of mastitis (Schipper, 1961).
Many methods, including the Modified Whiteside Test (MWT), the
California Mastitis Test (CMT), the Barbant Mastitis Test (BMI'), the
Wisconsin Mastitis Test (WM!'), the Catalase test, pH tests, chlorine
tests, bacteriological tests, and the Direct Microscope Somatic Cell
Count (DMSCC) have been developed to detect mastitic milk.

Except for

the DMSCC, most tests are subjective and may not provide accurate results.

All require considerable time and results are easily affected

by the age of the milk (Hausler, 1972).
Heeschen et al. (1972) stated that the somatic cell content in
milk from healthy mammary glands commonly ranged from 50,000 to 200,000
cells/ml and the maximum for normal milk was approximately 500,000
cells/ml.

At present, milk containing more than 500,000 cells/ml is
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considered mastitic (Brown et al., 1965).

Technicon Instruments

Corporation, Terrytown, New York, has developed a semiautomatic cell
counting system (Technicon Optical Somatic Cell Count II system) to
measure somatic cell content in milk.

It is claimed to have the pre-

cision of DMSCC and the ability to run 120 samples per h.
Marczeqski (1969) stated that through genetic selection, mastitic
incidence in cows could be decreased.

Elleby et al. (1969) reported

that cows should show different degrees of susceptability to mastitis.
This study on somatic cell counts could indicate the health condition
of the individual cow.

Somatic cell counts in milk with selection and

breeding were recommended by the United States Public Health Service
(Agricultural Research Service, U.S. Dept. of Agric., 1970) and should
be helpful to farmers for dairy herd improvement.
There is still no efficient way to directly measure the casein
content of milk.

In 1956, Udy extended the dye binding method for

testing total protein to milk.

A rapid method of measuring casein with

Amido Black dye was designed by McGann et al. (1972).
Mickelsen and Skukri (1973) quantified casein with rennet clotting
and Acid Orange-12 (A0-12) dyebinding of milk proteins.

Kristoffersen

et al. (1974) reported a very similar method to estimate cottage cheese
whey proteins using the A0-12 dye.

However, these · procedures included

time-consuming skimmilk removal by centrifugation and casein separation
by rennet clotting of milk.
Rowland (1938) found the casein percent of total protein in
mastitic milk to be about 50 percent, compared to 78 percent found in
normal milk.

Grappin et al. (1970) reported the correlation between
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total cell count and the proportion of casein and whey proteins to be
-0.58 and +o.62 respectively.
The present study was to simplify sample preparation, to find the
effect of sample age and potassium dichromate preservative upon assay,
to determine per sample costs and suitability for utilization in central milk testing laboratories.

Another objective of this study was

to develop a method for testing casein content in milk with A0-12 dye.
This study was to also evaluat e the correlat i on of somatic cell s with
fat, protein fractions and milk weight.
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REVIEW OF LITERATURE
Mastitis--A Costly Cattle Problem
Mastitis is the inflannnation of the mammary gland.

The derivation

comes from combining two Greek words, mastos, for breast, and itis,
for inflammation (Agric. Res. Service, U.S . Dept. of Agric., 1970).
The National Mastit is Council defines mastitis as "the reaction of
milk-secreting tissue to injury."

The term indicates diverse changes

in the mammary gland caused by any factor or combination of factors.
Causative factors can be physical damage, microbial infections, environmental stress, poor milking, chemical and thermal effects (Brown
et al., 1965).
Generally, mastitis is classified as acute, subclinical or chronic,
according to its development and severity.

In acute cases, the in-

fected quarters are hot, swollen, red, hard and sensitive; the milk
is abnormal in appearance; and the cows may have characteristic fever,
rapid pulse, and loss of appetite.

Acute mastitis may be fatal.

Most

cases of mastitis in the United States are subclinical (Philpot et
al., 1974).

The detection of subclinical mastitis is difficult with-

out special tests since no marked changes occur in the gland or milk.
Acute and subclinical mastitis may persist over many months and may
degenerate to produce chronic cases.

Subclinical mastitis may exist

in nonclinical cases and may develop slowly.

Occasionally, it may

develop into a clinical case (Brown et al., 1965; Schalrn et al., 1971).
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Mastitis is the most prevalent disease with which dairy farmers
all over the world have to contend.

It reduces milk production,

causes loss of dairy cows due to death and premature culling, and results in higher dairy farm operatin g costs (Agric. Res. Service, U.S .
Dept. of Agric., 1970).

In Australia, Fell ( 1964) stated that annual

losses due to the reduction of milk yield caused by mastitis were 12
million dollar s.

The Mastitis Committee in Western Austra lia ( Dept.

of Agric . Mastitis Comm., 1970) calculated the annual losses by
mastitis and showed a measurable loss of $800,000 and an actual loss
of $2-2 1/2 million, including nonmeasurable and incidental losses on
85,000 dairy cows.

In the United States, Guthrie and Guest (1964)

stated that annual losses from mastitis was over 30 million dollars
in New York state and 435 million dollars in the nation.

The Agri-

cultural Research Service (1970) indicated that mastitis cuts total
na tional annual milk production by about 10 percent.
In 1969, the report of Rennich et al. indicated that the cheese
yield from mastitic milk was higher than the yield from normal milk.
Huber (1963) found, conversely, that a lower yield results when making
Cheddar or Cottage cheese from mastitic milk.
Many investigators claimed that mastitic milk should not be considered suitable for cheese-making.

Ashworth et al. (1967) stated

that the total solids, fat, nonfat solids, and lactose showed significant decreases due to subclinical mastitis.
Sharma and Randolph (1974) found that the concentration of
micellar casein is lower in mastitic milk than in normal milk.

Low
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micellar casein content significantly lengthens the coagulation time
and produces an inferior curd.
During the process of cheese-making, the content of milk fat and
protein in whey from mastitic milk are higher than from normal milk
(Duffers and Randolph, 1974).
Mastitic milk has an apparent inhibitory reaction to lactic
streptococcal culture.

In cheese-making, acid production using

mastitic milk with single-strain cultures is slower (Randolph, 1969).
Therefore, mastitic milk requires more time in making cheese than does
normal milk.

The cheese produced from mastitic milk has a weak body,

gassy texture and creamy character.

Schott (1966) stated that mastitic

milk was not suitable for yoghurt manufacture because milk previously
infected with Streptococcus agalactiae or Staphylococcus aureus affected
the growth of commercial yoghurt cultures.
Tallamy et al. (1969) observed that mastitis lowered the curd
tension of milk.

They concluded, "Mastitis may have an undesirable

effect on the suitability of milk for manufacture of cultured products."
Influence of Mastitis on Milk Composition
In a sense, milk secretory cells have two functions in forming
milk.

They synthesize the special milk components from plasma materials.

Secondly, the cell wall (membrane) is differentially permeable to
some plasma components in large amounts, others in limited amounts,
and others not at all.

If the cells are abnormal due to toxic products

of foreign microorganisms, various different physiological cases,
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hormone changes, or the introduction of foreign materials, then their
functions will be altered, producing abnormal milk.
In mastitis, the normal ability of cells to synthesize the major
milk components is damaged and the permeability of cells is impaired
(Schalm et al., 1971).

The principal changes of udder tissue during

the development of mastitis are shown in Figure 1 (Brown et al., 1965).
Protein
Casein, the major protein in milk, is believed to be s ynthesiz e d
in the udder cells since no comparable protein is present in blood .
Using isotopic tracers and arteriovenous measurement, Barry (1956,
1958) found that the principle part of amino acids of casein, B-lactoglobulin and a-lactalbumin had come largely from the free amino acids
in blood, but that the serum albumin and irnmunoglobulin had come from
plasma proteins.

He also concluded that free amino acids, blood glu-

cose, glycoprotein, nonprotein nitrogen components and blood globulin
may serve as precursors of milk proteins (Barry, 1959).
Metabolic ability of the cells is damaged during the development
of mastitis.

The cells become more permeable to blood globulin and

other components, causing changes in the relative concentrations of
the protein fractions.

Ashworth et al. (1967) reported little change

in total protein (TP) content in mastitic milk.

However, Randolph

et al. (1974) found that in mastitic milk, B-casein and B-lactoglobulin
decreased, while as, K-casein, serum albumin, proteose peptone and
irnmunoglobulin increased.

Figure 1.

The principal changes that occur in udder tissue during
the development of mastitis.

9

blood vessel

\

milk

organisms

10

Fat
Ninety-seven to 99 percent of the major milkfat components are
triglycerides of fatty acids (Webb et al., 1974; Jenness and Patton,
1959).
Rogers and Kleiber (1956) found that acetate is the most important precursor for the syntheses of fatty acids in the mammary gland.
Other neutral fats and free fatty acids of the blood, such as butyric
acid (Rogers and Kleiber, 1956), propionic acid (James et al., 1956)
and valeric acid (Gerson et al., 1960) are also a source of milkfat.
Ashworth et al. (1967) have reported that mastitis significantly reduces the total fat production.
Lactose
The major carbohydrate in milk is lactose, formed by combining
glucose and galactose.

The lactose content of normal milk is about

4.8 percent with a range of 4.4 to 5.2 percent (Webb et al., 1974).
D-glucose in blood is the essential precursor used by the cells to form
lactose (Baxter et al., 1956).

Lactic acid (Graham, 1937), gluco-

protein (Reineke et al., 1941) and amino acids (Graham et al., 1937)
are the other blood components taken up by the cells for making lactose.
Mastitis is the most important factor affecting the content of
lactose in milk (Jenness and Patton, 1959).

Mastitic milk-secreting

cells are unable to prevent the highly osmotically active components,
especially sodium chloride (NaCl), into milk.

Therefore, the lactose

content in milk is reduced to maintain osmotic equilibrium (Schalm et
al., 1971).
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Minerals
The membrane of the secreting cell in the mammary gland is
selectively permeable.

This property apparently affects the concentra-

tion of various minerals in milk.

Mastitis injures the selectivity of

the cell membrane and therefore milk components resemble the cons t ituents of blood (Rowland, 1938).
The mineral content is about O. 7 percent in normal milk (Jenness
and Patton, 1959).

Tallamy and Randolph (1970) stated that the levels

of Ca, K and P will decrease, but that of Na, Cu, Fe, Zn and Mg will
increase in mastitic milk.
Somatic cells
In the early part of this century, there were many viewpoints
concerning the types and origin of cells in milk.

Some researchers

(Pennington and Roberts, 1908; Duran-Jorda, 1944) thought that the
leucocytes existed at all stages of lactation in normal milk and these
cells were not related to pathological conditions.

Duran-Jorda (1944)

even stated that leucocyctes formed the main fraction of cellular
components in milk, and he paid no attention to other cells.

Holm

(1934) considered that only a small proportion of epithelial cells
were found in normal milk and the greatest fraction was lymphocytes.
Breed (1914) thought that epithelial cells and leucocytes constituted
the normal milk cells.
In 1947, Zlotnik stated that the epithelial cells were the major
cellular constituent in normal or abnormal milk, and that leucocytes
are present in low proportions of the total cells in normal milk.

He
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claimed that the leucocytes exceeding 2-3 percent of total cells might
indicate developing mastitis.

This observation was in agreement with

the statement by Foster et al. (1957) that leucocytes combat the invading bacteria which cause mastitis.

Zlotnik (1947) reported that

normal or abnormal milk also contained lymphocytes.

Blackburn et al.

(1955) considered that the cells in normal and abnormal milk could be
identified into three groups:

(1) granular leucocytes ( polymorphs ,

eosinophil s and basephil s ), ( 2) l ymphocytes, and (3) e p i t he lial c ells.
The above investigations concentrated on the measurement of the
various types of cells.

A remarkable aspect of these studies was that

a change in total cell count was not necessarily accompanied by the
invasion of bacteria.

The total cell counts were not commonly used

for diagnosing mastitis because the numbers of cells in milk varied
due to different factors particularly the stage of lactation.

After

learning the close relationship between total cell counts and numbers
of leucocytes, it was concluded that somatic cell content could be
used to indicate secretory disturbance (Waite and Blackburn, 1957;
Blackburn et al., 1955).
Malcolm et al. (1944) stated that cell counts of midlactation
milk were reliable for the detection of mastitis.

Blackburn et al.

(1955) concluded that differential cell counts had little or no advantage over the total cell counts in the diagnosis of mastitis.

Many

researchers (Malcolm et al., 1944; McFarlane et al., 1949) believed
that high cell content was almost always associated with an inflammatory condition in the mammary gland even though no mastitic organisms
could be identified.

13

Waite and Blackburn (1957) considered that above 100,000 total
cells/ml of milk, the proportion of leucocytes increased sharply with
increasing total cell counts.

Heeschen et al. (1972) reported that

the somatic cell content in milk from healthy mannnary glands commonly
changed from 50,000 to 200,000 cells/ml and the maximum for normal
milk was approximately 500,000 cells/ml.

The control program for

abnormal milk adopted by the National Confe r ence on Interstate Milk
Shipments was designed to excl ude raw mi lk containing mor e than 1.5
million somatic cells per ml of milk (Agric. Res. Service, U.S. Dept.
of Agric., 1970).

Currently, milk containing more than 500,000 cells/ml

is considered to be abnormal (Brown et al., 1965).
Microorganisms Causing Mastitis
Mastitis produces physiological swelling, congestion of the udder,
an abnormal secretion, and is generally accompanied by bacterial infection.
Although many different microorganisms have been considered
causative agents, most of the cases result from infection by.§_.
agalactiae, other streptococci, staphylococci and bacilli, including
Escherichia coli, Enterobacter aerogenes, Pseudomonas aeruginosa, and
Corynebacterium pyogenes.
S. agalactiae
Before the antibiotic era at least 85 percent of the cases of
chronic mastitis were associated with streptococci.

About 80 percent

of these organisms were S. agalactiae (Schalm et al., 1971).
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.§_. agalactiae belongs to Lancefield's serological group B and is

a representative microorganism of the pyogenic group.

It does not

grow at lOC_or 45C, in the presence of 0.1 percent methylene blue,
6.5 percent NaCl, and at a pH of 9.6.
and reduces litmus milk slowly.

It does not coagulate milk

It produces acid from lactose,

trehalose, dextrose, galactose, mannose and maltose; but fails to ferment mannitol, raffinose, inulin, sorbite, arabinose, rhanmose and
xylose.

It has no speci fic morphology which would di f fer entiate it

from other streptococci .
.§_. agalactiae may produce alpha-, weakly beta-, or gamma-hemoly-

sis on blood agar plates.

In the case of alpha-hemolysis, it will

disrupt the red blood cells and produce a clear zone around the
colony and cause a greenish discoloration of the blood agar medium.
This property contributes to reading results in the CAMP test (Foster
et al., 1957).
The early development of .§_. agalatiae is usually so mild that
its infection is rarely observed by the dairyman.

As the infection

progresses it may take weeks or months to advance from chronic to
acute symptoms.

Inflannnatory products may block milk channels and

prevent drainage from alveoli.
by scar tissue.

The secretory tissue may be replaced

If the infection persists, the tissue generally

degenerates, accompanied with marked reduction in milk yield (Schalm
et al., 1971).
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Other streptococci
In addition to.§_. agalactiae, Streptococcus uberis, Streptococcus
dysgalactiae and the Lancefield group A, C, G and L streptococci can
cause mastitic problems.

Unlike S. agalactiae, S. uberis and S.

dysgalactiae are not dependent upon the mannnary gland for survival
in nature.

They are of environmental origin and are not contagious.

Mastitis caused by .§_. uberis has increased.

This might be due to the

greater resistance of th s organism to antibiotics (Throop and Swanson, 1958).

Mastitis caused by.§_. uberis is commonly mild and slight

changes in the secretion tissue.
and chronic cases of mastitis.

However, it may produce both acute
Any quarter infection by.§_. uberis

can be persistent, causing an increase of somatic cell counts (Buxton,
1949).

The mammary gland infected by.§_. dysgalactiae may be temporary,

mild and infrequent.

Conversely, the symtoms of the disease occur

immediately following infection and continue to exist for a week or
longer, terminating in atrophy of the quarter.
The Lancefield group A, C, G and L streptococci have been recognized as infecting individual cows in a limited number of herds.
Mastitis caused by group A streptococci was not readily evident but
produced rapid atrophy of the affected quarters.

The cases caused

by group C were that the infected udder was greatly swollen, painful,
and accompanied by toxic signs of fever, weakness and exhaustion.

The

alterations of cases caused by group G were mostly confined to clots
in the milk and occasional swelling of the gland.

Group L strepto-

cocci caused both acute and chronic mastitis (Schalm et al., 1971).
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Staphylococci
Currently, Staph. aureus is the official name for the coagulasepositive strains and Staphylococcus epidermidis is the name for the
coagulase-negative, nonpathogenic of mildly pathogenic strains found
on the skin and mucous ruemb ·r anes of warm-blooded animals (Buchanan
et al., 1974).

Staph. epidermidis is a connnon organism related with

the mammary gland and causes subclinical mastitis (Brown et al., 1967).
Staphylococci may cause either acute or chronic mas tit is.

In

chronic mastitis, milk yield decreases and qualitative changes occur
in milk, such as excessive alkalinity, increase of cells, and a lowered
solids-not-fat content (Minett, 1937).

The a-toxin has been reported

to be capable of causing a gangrenous form of staphylococcal mastitis
(Brown and Scherer, 1958).
ating into ischemia.

The toxin causes vasoconstriction degener-

Extremely toxic cases may lead to death of the

cow in a few days.
Slanetz and Bartley (1953) established the characteristics of
staphylococcal mastitis and suggested the following procedure for
detecting it.

If colonies from milk with a, S or a-S zones of

hemolysis develop on the blood agar plate and if leucocyte counts of
milk are 1 million or more per ml, the cows can be classified as having pathogenic staphylococcal mastitis.
Staphylococci replaced streptococci as the primary microorganism
causing mastitis (Schipper, 1961).

The increased use of antibiotics

in mastitis treatment caused this change.

Staphylococci are more

resistant than streptococci to certain antibiotics (Foster et al.,
19 5 7) •
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Bacillary organisms and others
A small percentage of mastitis is caused by bacilli, including
E. coli, )I. aerogenes, R_. aeruginosa, _£. pyogenes (Agric. Res. Service,
U.S. Dept. of Agric., 1970 ; Schalm et al., 1971).

Par r (1939) used

the "IMVIC" tests and developed a procedure to separate the various
coliform organisms.

These tes t s measured (I) indole production,

(M) methly red reaction, (V) Vo ges-Prosk aue r t est, and (C) the utilization of citrate as a so urce of carb on.

Using the "IMVIC" method ,

Schalm and Woods (1952) analyzed 96 cases of coliform group mastitis
and found 51 cases caused by )I. aerogenes, 27 by )I. coli and 18 by
intermediate types.

Kohz (1971) thought that intestinal toxicosis

caused by bad feeding regimen and sudden food changes was the major
factor for coli mastitis.

Coliform mastitis was generally accompanied

by a rise in body temperature and terminated in deterioration of the
cow to a cull or death by absorption of endotoxin (Schalm and Woods,
1952).
With the exception of _£. pyogenes, diphtheroid organisms do not
cause mastitis.

Saes (1970) statistically studied the mastitic cases

in the province of Limburg, Netherlands, and showed that_£. pyogenes
cases in January-June occupied 11.4 percent of total mastitic cases;
July, 48.8 percent; August, 33.4 percent; and September-December,
7.0 percent.

Generally, mastitic cases -of_£. pyogenes occurred during

the summer, and the disease was referred to as "summer mastitis."
Bacillus cereus and Bacillus anthracis (Biancardi, 1963),
Salmonella (Weigh et al., 1972), Mycoplasma (Hale et al., 1962),
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Nocardia asteroides (Pier et al., 1961) have been identified as
causative agents of mastitis.
Mastitis caused by fungi has been acknowledged for a long time,
but the incidence has been very low.

Hofmann et al. (1965) reported

that the fungi, Candida albicans and Cryptococcus neoformans, caused
acute mastitis.
Me t hods for _'r es t i n g Abnormal Milk
The composition of normal milk shows little daily variation,
except immediately after parturition and at the end of lactation
(Frazier et al., 1968).
Milk secreted by an infected cow udder displays significant
differences in composition.
diagnostic of abnormal milk.
ents in mastitic milk.

Some of these changes are recognized as
Table 1 shows the variation of constitu-

This table was assembled from Jenness and

Patton (1956), Brown et al. (1956), Ashworth et al. (1967), McKenzie
(1967), Tallamy and Randolph (1970), and Heeschen et al. (1972).
The Modified Whiteside Test (MWT)
In 1939, Whiteside published a method for testing mastitic milk.
He reported that when 2cc N NaOH was added to lOcc of the milk collected
from a mastitic cow and mixed with a glass rod, a viscid mass was
formed.

This test is based on the chemical reaction of NaOH with

deoxyribonucleic acid (DNA) in somatic cells in milk to produce a
visible physical change.
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Table 1.

Composition of normal and abnormal milk

Composition

Normal milk

Abnormal milk

Protein

3.1%

srune

Casein

2.5%

reduced

Fat

4.0%

reduced

Lactose

5.0%

reduced

Ca

0.13%

0.12%

P (inorganic)

0.07%

0.06%

K

0.17%

0.16%

Cl

0.12%

Cit rates

0.20%

Catalase

<20% 02

>0.14

>20% 02

pH

6.6-6.7

Somatic cells

100,000/ml

Clots

absent

present

Sediment

absent

present

6.8-7.4
>500,000/ml
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Murphy and colleagues (Dunn et al., 1943; Murphy, 1942) modified
the test.

The MWT procedure required one drop of 4 percent NaOH to

five drops of milk on a glass plate with a dark background.

After

mixing for about 20 sec, the mixture was either entirely free from
precipitate, contained some coagulated material, or formed a "viscid
mass."

The milk is then graded according to the amount and appearance

of precipitate.
Heating milk or addi ng a pres ervative , such as potassium dichromate,
formalin or mercuric chloride, decreased the reactivity of rnastitic
milk with NaOH (Schalm et al., 1971).
The California Mastitis Test (CMT)
The CMr was derived from the MWT and is currently the most
efficient test for mastitis.

It is simple and can be used in the barn.

The CMr reagent is a neutral detergent (alkyl arylsulfonate) which
makes it possible to add a pH indicator (bromcresol purple) to evaluate the acidity of milk in addition to estimating cell counts (Hausler,
1972).

The reaction of detergent and DNA in cell nuclei produces a

viscid mass.

This viscid mass relates to the total cell concentration.

The test is conducted using a white plastic paddle with four
shallow cups in which milk is collected from each of the four quarters.
After adding equal amounts of reagent to each cup, the paddle is
rotated to mix the milk and reagent thoroughly.
scored by seven different symbols:

The mixture is

-, T, 1, 2, 3, +and y.

Generally,

a score of 1 is considered as indicative of 500,000 or more somatic
cells, score 2 as evidence of 1,000,000 or more and score 3 as over
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5,000,000.

Symbol+ shows the pH of milk is 7.0 or over, while the

symbol y (yellow) means the milk is acidic (Frazier et al., 1968).
Milk collected for the CMl' should be refrigerated to prevent
bacterial multiplication and should be tested within 24 to 36 h.
Boric acid (cone of 0.5 percent) may be used as a deterrent to bacterial growth if necessary.

Since other preservatives, such as potassium

dichromate, formalin and mercur ic chloride alter the DNA, no CMI'
reaction occurs (Schalm e t al., 19 71).
The Wisconsin Mastitis Test (WMI')
The WMI' utilizes CMI' reagent diluted 1:1 with distilled water.
It is based on the increase of viscosity accompanied with an increase
of somatic cells after mixing the reagent with a raw milk sample.
The viscosity is determined by measuring the level of the mixture
remaining in a special test tube after a 15 sec outflow through an
orifice in the cap.

The dimensions of the test tubes are 12.5xl25mm,

with matching caps having an orifice, l.15mm, and an air orifice in
the side of the tube at 65nnn from the outside bottom (Thompson and
Postle, 1964).
A positive relationship exists between the results of the WMI'
and the number of somatic cells.

The linear correlation coefficient

(r) of WMI' with DMSCC was 0.89 (Read et al., 1969).

The WMI' value of

20nnn or over suggests that the milk has more than 500,000 somatic
cells/ml.
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The Brabant Mastitis Test (BMf)
Jaartsveld (1961) described that the capillary flow rate of a
mixture of milk and Na lauryl sulphate can be related to the cell
content in milk.
Roughley et al. (1965) modified this method and reported the
results by the milk gel index.

The r value between the BMT and Direct

Microscope Somatic Cell Count (DMSCC) was 0.851 (Brus et al., 1969).
The BMr is not a popular method in the United States.
The Calalase Test
Patterson et al. (1969) examined the relationship between levels
of oxidative enzymes (including TPD-oxidase, peroxidase, catalase,
xanthine oxidase, etc.) and somatic cells in milk.

They concluded

that only catalase was suitable for testing mastitis.
Catalase releases oxygen from hydrogen peroxide (2H
~

o2 t + 2H 20).

o +

2 2

catalase

Catalase content of normal milk is low, except at the

beginning and end of lactation.

Since mastitic milk has a higher

content, this forms the basis of the catalase test.

The test may be

conducted in a Smith fermentation tube or other device in which the
milk is displaced as gas accumulates.
produce less than 10 percent gas.

Normal milk will generally

Twenty percent oxygen suggests the

presence of 500,000 somatic cells/ml of milk (Schalm et al., 1971).
The pH Test
The pH of normal milk has been found to be 6.6-6.7.

Mastitic

milk usually shows more alkalinity at pH 6.8 or above (Foster et al.,
1957; Brown et al., 1965).
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One method of testing milk pR employs bromythmol blue in solution
or on pR paper.
blue-green.

Abnormal milk will change the grass-green color to

Another test, the Hotis Test (Hotis and Miller, 1936)

uses the indicator bromcresol purple (BCP) to confirm the infection
of streprococci or staphylococci.
purple indicates abnormal milk.

The change of purple to deeper
After incubation of this milk, the

development of a yellow or rust colored precipitate may indicate infection of streptococci or staphylococci, respectively (Foster et al.,
1957).
The Chlorine Test
Mastitic milk-secreting cells are unable to prevent serum NaCl
from entering into the milk.

Since NaCl is a high osmotic compound,

the lactose content in milk is reduced to maintain osmotic equilibrium.
Therefore, the chlorine content or the chlorine/lactose ratio can be
used to detect abnormal milk.

Chlorine content can be measured by

titrating the milk with silver nitrate containing an appropriate
indicator (Herrington and Kleyn, 1960).

Chlorine content of over

0.14 percent indicates mastitic milk while 0.12 percent is present in
normal milk (Brown et al., 1965).
Direct Microscope Somatic Cell
Count (DMSCC)
The number of total cells can be directly examined with a microscope.

Prescott and Breed (1910) developed the microscopic procedure

for the examination of milk films.

In recent years, this method has

become important as a screening and confirmatory test for detection
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of abnormal milk (Hausler, 1972).

It is usually referred to as the

standard when other new methods for detecting mastitis are developed.
The microscope is first adjusted and calibrated so that the
microscopic factor (M.F.) may be determined.
of milk is spread over a lcm

2

A film containing O.Olml

area on a glass microscopic slide and

then fixed and stained with a modified methylene blue reagent.

The

total cell count is determined by averaging the cell number in 10-60
fields, depending upon the number per field, and then multiplying this
average by the M.F. (Hausler, 1972).
Bacteriological tests
Bacteriological tests are considered the most reliable methods
for the detection of mastitis caused by microorganisms.

The morphology

and characteristics of the growth of organisms on blood agar plates
are used to identify the presence of various microorganisms (Foster
et al., 1957).
The CAMP test is especially useful to confirm strains of
agalactiae and beta hemolytic staphylococci.
across the center of a blood agar plate.

~·

Staph. aureus is streaked

The suspect sample is

streaked at an angle to, but not in contact with, this streak.

The

presence of S. agalactiae is indicated by the broad hemolytic clear
zone between the streaks of staphylococcus and streptoloccus.

If

staphylococci are suspected in the sample, S. agalactiae replaces the
Staph. aureus to be streaked across the plate center (Frazier et al.,

1968).
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Optical Somatic Cell Counter II (OSCC II)
Except for the DMSCC, the tests described previously do not provide accurate results and most are subjective.

All of them take

considerable time and the results are affected easily by the age of
the milk (Hausler, 1972).

Ragsdale (1972) showed that the WMI' score

of one-day old samples were sharply reduced.
than other methods.

DMSCC is more accurate

But it is fatiguing work and not suitable for

dairy herd improvement testing.
The application of the Coulter Electronic Counter (Coulter,
1956) for estimating somatic cells in milk has been studied.

During

the development of the Coulter Electronic Counter the major problems
were fat globules and the threshold setting.
The fat globules, in superior number and in overlapping distribution, caused counting errors (Phipps and Newbould, 1966).

Phipps

(1968) observed that incomplete fat dispersal following chemical
treatment may produce higher counts in the region of low cell concentrations.

However, the elimination of fat globules was achieved by

centrifugation technique (Phipps and Newbould, 1966; Read et al.,
1969) or dispersed by chemical treatment (Tolle et al., 1966).

The

chemical method requires that the milk be treated beforehand with
formalin, which renders the cells resistant to a fat-dissolving reagent mixture.

Phipps (1968) reported that the minimum time for

formalin treatment was 24 h and maximum time was about 4 days at room
temperature.

When DMSCC was correlated with a chemical method and

with a centrifugal method of preparing samples for Coulter counter
testing, Pearson et al. (1970) obtained r values of +-0.966 and +o.930
respectively.
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The studies on threshold setting were confined to finding a
suitable lower threshold.

Tolle et al. (1966) suggested a optimum

threshold setting of 4.5-5.0 µm,

Dijkman et al. (1969) found a 5 µm

3

(65.5 ]Jlll) threshold setting gave good agreement with microscope counts.
A semiautomatic cell-counting system, developed commercially by
Technicon Instruments Corporation, Terrytown, New York, involves
continuous flow analysis.

This system, the Technicon Optical Somatic

Cell Counter II (OSCC II), has the precision of the DMSCC, a coefficient of variation of 3 percent and ability to run 120 samples per h.
The OSCC II measures scattered light that occurs as somatic cells
pass through the light beam of an electronic microoptical system.
These scattered light pulses are transformed into electrical pulses
by a photomultiplier tube.
to the electrical pulses.

The number of somatic cells correspond
All larger entities, especially fat globules,

have to be dissolved prior to counting.

Before analyzing, the samples

must be fixed or pretreated with formaldehyde.
Read et al. (1967) reported that storage time at 4 C would increase the electronic cell count in milk pretreated with centrifugation
for fat removal.
days.

The average increase was about 10 percent after 4

They stated, "The reason for the increase in count with time

is unknown."

Ragsdale (1970), using the OSCC instrument, reported

that somatic cells fixed with 40 percent formalin were fairly stable
for 5 days at room temperature.
to 3.8x10

5

cells per ml of milk.

The cell count range was from 3.4xl0

5

Phipps (1968) studied formalin

function in cells in milk and stated that the minimum time for formalin
treatment was 24 h while maximum time permissible for formalin action
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was approximately 4 days at room temperature.

There is no report

associated with age and temperature effects on the OSCC II count when
potassium dichromate was used to preserve milk.
Definition and Distribution of Casein
Casein, the principal protein in milk, constitutes 76-86 percent
of the total protein in fresh milk (Swaisgood, 1973).

It is insoluble

at its isoelectric point, generally accepted to be pH 4.6 to 4.7
(Rowland, 1938).

In 1944, Ramsdell and Whittier found that casein

exists as a colloidal calcium phosphate complex, which contains about
7 percent inorganic component.

Therefore, Thompson et al. (1965)

defined the casein as "a heterogenous group of phosphoproteins precipitated from skimmilk at pH 4.6 and 20 C."
Due to the very low solubility of casein at its isoelectric
point, acid precipitated casein was considered to be a homogeneous
protein for a long time.

Osborne and Wakeman (1918) first claimed

the heterogeneity of casein.

It was not until the development of

electrophoretic analysis of protein that the nature of heterogeneity
of casein was established (Mellander, 1939).

Mellander (1939)

designated a-, 8- and y-casein to represent three electrophoretic
components in the order of decreasing mobility.

A fourth component,

a-casein, was separated by Cherbuliez and Baudet (1950).

Another

component, A-casein, is the fraction of the a-casein complex soluble
in 0.40 M calcium solution at 0-4 C and pH 7.0 (Long et al., 1958;
Thompson et al., 1965).
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In 1956, Waugh and Rippel stated that a-casein could be separated
into

a -casein and K-casein, based on differential solubility in
s

the presence of calcium ions.

The American Dairy Science Association

(ADSA) committee designated the a -casein as the fraction of a-casein
s

separated by calcium at 0-4 C and stabilized by K-casein in the presence of calcium (Brunner et al., 1960; Thompson et al., 1965; Rose
et al., 1970).

K-casein is considered to be the major casein fraction

upon which rennin acts.

It is soluble in the presence of 0.40 M

calcium at pH 7.0 and 0-4 C (McKenzie, 1967).
The proportion of a -casein in total casein is about 60 percent;
s

S-casein, 30 percent; K-casein, 5 percent; and y-casein, 4 percent
(Swaisgood, 1973; Randolph et al., 1974; Jennsee et al., 1956).

Using

zonal gelurea electrophoresis, Aschaffenburg (1961) first discovered
three genetic variants of S-casein.

Following Aschaffenburg, Thompson

et al. (1962) reported the isolation variants of a

-casein. The
s1
committee (Thompson et al., 1965; Rose et al., 1970) named these

genetic variants as a

s1

-A

,

a

s1

-B

'

a

s1

-C and a

sl

-D.

a

sl

-B is the

predominant variant in a-casein.
Casein is a high quality protein and an essential component for
cheese-making.

Its content in milk is affected by breed, nutrition

and diseases (Haenlein, 1974).
Mastitis causes a decrease in the casein content.

Rowland (1938)

published the first report relating to the relationship between
mastitis and casein content.

He indicated the percentage of casein

in total protein in mastitic milk to be about 50 percent as compared
to 78 percent found in normal milk.

Ashworth (1965) claimed that
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there was a 3 percent decrease in percentage of casein in total protein for each unit increase in the CMf.

Compared with normal milk,

the distribution of soluble and micellar casein of mastitic milk is
significantly changed (Sharma and Randolph, 1974).
Methods of Estimating Casein
Cheese production and the manufacture of casein have remarkably
increased in recent years.

The world total production of casein in

1965 of about 150,000 tons (Muller, 1971), was about double that of
1938.

Casein is the essential component of a cheese product, and

cheese yield is directly related to the casein content in the milk.
World cheese production significantly increased during 1966 to 1969
(Foreign Agric. Service, U.S. Dept. of Agric., 1970).

The U.S. cheese

production in 1970 was over two billion pounds and doubled since 1945
(U.S. Dept. of Agric. Stat. Rep. Service, 1952-1969).
To facilitate better cheese yield control and casein production,
a fast and reliable method is needed for measuring the casein content
in milk; however, there still is no effective method for testing
casein directly.

In the classical method, the Rowland method (1938),

the casein is separated at its isoelectric point (pH 4.6), using
acetic acid and sodium acetate.

The TP and noncasein nitrogen protein

(NCP) on the filtrate are determined by the Kjeldahl method.

The

casein content is calculated by the difference between TP and NCP.
International Dairy Federation Method (1964) and Association of
Official Analytical Chemists (AOAC) Method (1973) measuring casein use
the same procedure.
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Nevertheless, these methods are not suitable for routine testing.
There are many researchers who are trying to develop faster methods.
Casein content possibly can be calculated by the fat content in
milk.

The possibility of calculation is based on the thickness of

the casein layer absorbed on the surface of fat globules and the
globules/lOOml milk (Aleshin, 1962).
Titrimetric assays of casein have been based on the acid-base
properties of proteins and amino acids, including Van Slyke's titration method (1910), Arny's iron alum titration method (1914), and
Harris' potentiometric titration method (1924).

Walker (1914),

McDowall and McDowell (1936) developed formal titration to estimate
the casein content in milk.

Walker (1914) suggested that the ratio

of casein to whey protein is a definite value and extended the formaldehyde titration to estimation of casein with phenolphthalein as
the indicator.

Although Pyne (1932) pretreated the milk with oxalate

to eliminate the interference of phosphates and Evenhuis (1957) modified the test with a potentiometer to determine the end point, the
titrimetric methods are thought to be inaccurate (Orlova et al., 1965).
Colorimetric determination of casein is based on the color
intensity produced by the reaction between certain reagents and
casein.

The orange color of alkali salts of nitrated aromatic amines

(Buruiana, 1933), the blue color of reduced folin's phenol reagent
in the presence of tyrosine or tryptophan (Goiffon, 1949), and the
blue-violet color from reaction between dilute copper solutions in
a strong alkali and peptide linkages in casein (Fleury and Eberhard,
1953), have been used to estimate casein content.

Using the procedure
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of Lowry et al. (1951), White (1972) developed a continuous flow
analysis technique to detect NCP from which casein could be calculated.
Refractive index of protein solution is greater than that of
water by an amount which is proportional to the protein concentration.
Refractrometric determination of casein has been reported (Schober
et al., 1954; Hansson, 1957).

Probst et al. (1966) modified Schober's

method to obtain satisfactory results which agreed to within +o.03 percent casein when compared with the Kjeldahl method.
Other researchers have developed different methods, including a
flourimetric method (Tomita, 1963), a gravimetric method (Fleury and
Eberhard, 1953), a volumetric method (Pfyl and Turner, 1914), and a
nephelometric method (Kober, 1913).
Recently, researchers have been concentrating on the development
of dye-binding techniques.

Udy (1956) published the dye-binding

method that can be used for estimating TP.

There are three kinds of

dyes commonly used in the dairy field to test protein, i.e. acid
orange 12 (A0-12), amino black (AB) and orange G (OG).

Their struc-

tures are shown in Figure 2.
Generally, it is believed that there is a stoichiometric reaction
between the acid groups of the dye and the basic groups of the protein.
The anionic, sulfonic acid dye will bind quantitatively with the basic
amino acids histidine, arginine, lysine and the free amino end groups
of the protein chains.

The protein-dye complex will precipitate and

the amount of the remaining free dye will be inversely proportional
to the protein content in milk.
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Ashworth (1965) suggested the determination of casein in milk
by the dye-binding method.

He precipitated the casein from diluted

milk at its isoelectric point.

The precipitated casein was redispersed

with dilute NaOH and treated with OG dye reagent.

Using reconsti-

tuted nonfat milk powder of known casein and TP content, he plotted
the standard curves for casein and TP.

This direct measurement com-

pared well with the indirect method of Rowland.
Renner and Omeroglu (1971) described the same procedure to
determinate casein using AB.

In New Zealand, Roeper and Doldy (1971)

published a satisfactory result with a spectrophotometric AB method
for determining whey protein.

McGann et al. (1972) reported a simple

and rapid method using a Foss Pro-Milk MK II for assay of the various
protein fractions.

Their procedure was based on the principle of

estimating NCP in undiluted whey using milk as a base-line to bring
the read-out into the range of 20-80 percent transmittance.

They found

that the value of 0.04 was the mean difference between the NCP percentage determined by Kjeldahl and the corresponding results by this
rapid method.

But Foss Electric Company in Denmark (1972) reported a

value of 0.03.

The NCP content was obtained by adding this value to

the result which was calculated from this method.

Then, the casein

content was calculated by the difference between the TP and the NCP.
Accuracy of the casein results compared to the Kjeldahl method was
favorable; the standard deviation of difference was _±0.022 percent,
corresponding to a coefficient of variability of 0.87 percent.
However, Udy (1971) stated that the A0-12 had some significant
advantages over OG and AB.

First, it showed a broad absorption
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maximum at 482 µm and bonded strongly with proteins.

Second, its

color change per protein-binding site was about equivalent to AB
and about double that of OG.

Third, it had a low moisture absorption

tendency.
Mickelsen and Shukri (1973) quantified casein with rennet clotting
and dye (A0-12)-binding of milk proteins.

TP of raw skimmilk and whey

proteins from rennet treated skimmilk were determined by dye-binding.
Casein was calculated by subtracting whey protein content from the TP
in raw skirnmilk.

They stated that the consistency of the dye binding

method was better than the AOAC or the Rowland method.

Subsequently,

Kristoffersen et al. (1974) reported a very similar procedure to
estimate Cottage cheese whey proteins using the A0-12 dye reagent and
lOml of whey.

The standard deviation (sd) between Kjeldahl and this

method for seven samples was .±0.053.

These procedures included time-

consuming skinunilk removal by centrifugation and casein separation
by rennet clotting of milk.
This study was to develop a method for testing casein content
in milk with A0-12 dye while avoiding the need for rennet coagulation
or centrifugation steps.

It was based on the principle of method

developed by McGann et al. (1972).
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EXPERIMENTAL METHODS

Description of the OSCC II Instrument
The OSCC II system consisted of five modules:

sampler, propor-

tioning pump, heating bath, optical cell counter, and recorder (Figure 3).
Sampler
The sampler had a removable tray holding 40 sample cups.

Approxi-

mately 120 samples per h could be run which included a sampling time
of 24 sec and a washing time of 6 sec for each sample.

During sampling,

the probe automatically dipped into the sample cup and aspirated
the sample into the system.

After 24 sec, the probe rapidly rose

from the cup, aspirated air for about 1 sec, and moved into the washing solution.

During washing, the tray rotated and set the next sample

for aspiration and then repeated the cycle.
Proportioning pump
With the squeezing and relaxing of pressure on tubes, the pump
drew the sample, reagents and air into the system and pushed them forward.

The volumes of liquid and air were related to the inside

diameter of the plastic pump tubes.

The function of air bubbles were

to assist the mixing of the two streams, to clean the tubes, to
separate samples and wash solutions, and to prevent the mixing of
successive samples.
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Heating bath
The heating bath was used to prevent an accumulation of fat and
milkstone.

The temperature was 65+1 C.

Optical cell counter
A diagram of the optical system used in the cell counter is shown
in Figure 4.

Light, coming from the lamp, passed through a condensing

lens and a primary aperture.

The lens condensed the light and formed

a reduced image of the aperture in the center of the flowcell.

If a

clear liquid flowed through the flowcell, the emerging light was
blocked by the dark field disc.

However, if somatic cells or other

larger entities were dispersed in the liquid stream, they would scatter
light toward the objective lens.

Then the lens collected and focused

the scattered light, through an aperture to the photomultiplier tube.
Recorder
The automatic recorder was connected to the cell counter and the
somatic cell content (cells/ml of milk) was calculated by multiplying

4
the recorder reading by 2x10 •
The preparation of reagents and operation procedures for the
OSCC II were shown in detail in Industrial Method No. 122-71A/preliminary (1972) and Operation Manual No. TAl-0176-01 (1971), published
by Technicon Instruments Corporation.

Figure 5 shows the tubing

system of the original Technicon OSCC II.
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Simplifications of Sample Preparation Techniques
Initial fixation of somatic cells required that a 4ml milk sample
be transferred into a 12IlllllX85mm tube using a 5ml manual syringe.

It

was not automatic and considerable time was devoted to sample preparation.
About 0.05ml of fixative (Technicon No. TOl-0435) was dispensed
into each tube containing the sample of milk.
h could be prepared with this procedure.

About 100 samples per

The fixation could be carried

out at room temperature (20-23 C) for 18 h, or in a 55 C water bath for
45 min prior to testing.
A Fisher Autodiluter (Model 250) was used to sample, dilute and
fix the milk in an attempt at simplification.

The autodiluter consisted

of two automatic syringes which were operated in connection with two
sets of eccentric cams and solenoid valves.

During a complete cycle,

the smaller syringe measured the sample, and the larger syringe measured the diluent.

Then, both sample and diluent were dispensed

through the delivery tip.
The following procedure was adopted to replace the manual fixation
step:
1.

The autodiluter was adjusted to provide a milk/diluent ratio

of 1/3.6.
2.

The fixative-diluent solution was prepared by mixing 8.5 g

NaCl and Sml formalin (37 percent cone with 10-15 percent methenol)
in a 1 liter flask and adding distilled water to 1 liter.

The NaCl

added in this solution allowed the cells to exist in a similar osmolarity to that of blood (about 0.085 percent).
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3.

The sample container was raised until the autodiluter delivery

tip was immersed in the thoroughly mixed sample.
4.

The foot switch was pressed to cycle the diluter.

One milli-

liter of milk was drawn into the delivery tip and 3.6rnl of fixative
reagent was drawn into the diluter syringe.
5.

The surface of the delivery tip was wiped with clean tissue

(Kimwipe).
6.

An empty, clean test tube was placed under the diluter de-

livery tip.
7.

The foot switch was pressed again.

Both the milk and the

diluent were discharged into the tube.
8.

The fixed samples were incubated at room temperature for

18 h, or in a 55 C water bath for 45 min.
9.

The pretreated samples were orientated in the sampler tray

and run according to the continuous flow analysis system shown in
Figure 6.
Evaluation of Age and Potassium Dichromate
on Test Accuracy
Twenty-seven thousand milk samples per month were sent to the
Central Testing Laboratory in Logan, Utah, for estimating fat content.
Some contained no preservatives while most contained a preservative
and were one or two days old.

Therefore, the effect of age and pre-

servative on the somatic cell count was determined.
Fresh milk was tempered to 40 C and tested according to the
OSCC II testing method.

Then 0.1 g potassium dichromate tablet was
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added to the remaining milk (about 23ml) which was shaken until the
tablet had dissolved.
count.

Samples were run immediately for somatic cell

Samples were also stored at room (20-23 C) and refrigeration

temperatures (4-7 C) and tested after 1, 2, 3 and 4 days.
Determination of Casein Content in Milk with the
Udy Dye-binding System
McGann et al. (1972) described a procedure for casein quantitation
required NCP separation at pH 4.6-4.7 without significant dilution.
The NCP was measured on a Foss Pro-Milk MK II, using milk as a baseline.

Combining their method and the Udy dye-binding system, the

following procedure was developed:
(a) Separation of NCP:
Ten milliliters of milk were tempered to 40 C and transferred to a clean, dry test tube.

Three-tenths milliliter

of 33.3 percent (w/v) acetic acid was added and mixed, and
the tube was returned to the 40 C bath.

After 10 min 0.3ml

of 3.33N sodium acetate was added and mixed in the test tube.
After 3 min the mixture was filtered through Whatman No. 1
filter paper.

The filtrate was collected into a small plastic

cup and cooled to 20 C.
(b) Udy Protein Analyzer readings:
Reading I:

Milk (2.24 ml) and 40.44 g of A0-12 reagent
were combined, mixed and tested to produce a
total protein test.
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Reading II:

Milk (2.24ml) was diluted with 2.24ml of distilled water and 40.44 g of dye reagent was
added.

The mixture was tested and the reading

was recorded.
Reading III:

Milk (2.24ml) was diluted with 2.24ml of the
NCP filtrate and 40.44 g of dye reagent was
added.

The mixture was tested and the reading

was recorded.
(c) Calculation:
The NCP percentage was calculated by subtracting reading
II from reading III, and adding a constant value obtained by
comparing Kjeldahl results (NCP) and the difference between
readings II and III.

Casein percentage was obtained by sub-

tracting the NCP value from reading I.
(d) When reading I was over 4.2 percent protein, reading III was
over 82 percent transmittance.

In this case, the filtrate

from reading III was mixed equally with reference dye (cone
0.600g/l) and read on the Analyzer.

The dye cone (DC) of

this mixed solution was read from the Table issued by the Udy
Analyzer Company in September, 1970, and the dye cone (DC )
1
of the filtrate from reading III was calculated by the formula:

DC

1

+ 0.600 = 2xDC.

reading III was calculated:

Using the formula by Udy (1971),
reading III

=

(1.231-DC )/0.1700.
1

By combining these two formulae, reading Ill was calculated
directly, using the following formula:
reading III

= (0.916-DC)/0.085
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Before starting this study, several procedures were followed:
1.

The dye reference and dye reagent were prepared from concen-

trates obtained from the Udy Analyzer Company.
2.

Every procedure was checked and followed as outlined in the

instruction manual published by Udy Analyzer Company.

The Analyzer

was turned on about 2 h before use to minimize drift.
3.

The semiautomatic syringe was evaluated by weighing the dis-

charged dye reagent and adjusting the unit to deliver 40.44 g.
Correlation of Somatic Cell Count with Fat, Casein
and Total Pounds of Milk
Grappin et al. (1970) reported that the r value between somatic
cells and the proportion of casein, whey proteins and nonprotein
nitrogen (NPN) was -0.58, +o.62 and +o.01, respectively.

Haenlein

et al. (1968) studied the relationship between WMT and variables in
milk and found that the feed ration affected these relationships.
The r value between the WMr and casein/protein (%) was -0.25 during
the high-grain feed period and -0.62 during the high oil (safflower
or cod liver oil) feed period.

During the study period, the WMT

scores were poorly correlated with casein/protein (-0.45), solids-notfat content (-0.41), fat content (-0.19), and milk yield (-0.33).
The Milko-Tester MK III (Foss Electric Roskildevej 39-3400
Hillerod, Denmark) was used to measure fat content.

The Udy Analyzer

(Udy Analyzer Company, P.O. Box 148, 734 Pearl Street, Boulder,
Colorado 80302) was used for rapid testing of casein.

Total pounds
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of milk produced was obtained from Dairy Herd Improvement (DHI)
Association barn sheet reocrds.
Fresh Holstein milk samples were obtained monthly from the Utah
State University dairy herd (ab out 120 cows), the E. F. Taggart herd
(about 50 cows) and the G. W. Salisbury herd (about 50 cows).
Fat, TP, NCP, casein and total pounds of milk data, were collected for 6 months from December, 1973, to May, 1974.

The results

were analyzed on the Utah State University Burroughs 6700 computer.
The Evaluation of OSCC II for DH! Testing Prograins
From July, 1973, to April, 1975, milk samples sent at the central
laboratory at Logan were measured for somatic cells.

Most of the

samples were tested from patrons who requested somatic cell assay and
others who were randomly selected.
count was evaluated.

Cost of running a somatic cell

The evaluation included the costs of the OSCC II

instrument, maintenance, interest, reagent and labor.
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RESULTS AND DISCUSSION
Simplification of Sample Preparation for
Somatic Cell Assay
The Fisher Autodiluter, which replaced the manual syringe, was
able to add fixative, dilute and transfer the samples at a rate of
180 samples per h.

This was 80 more per h than with the manual

syringe procedure.
The autodiluter allowed the Milko- tester MK III operator to pretreat the samples for somatic cell assay.

Since the autodiluter pro-

vided a dilution step, the first diluting and mixing steps on the
OSCC II tubing system were eliminated.

The diluted samples from the

autodiluter were directly mixed with clarification reagent by the
Technicon OSCC II system.

No other changes were made in the original

Technicon OSCC II system shown in Figure 5.

Figure 6 is a diagram of

the simplified tubing layout.
The autodiluter and the manual syringe methods were compared
using 30 samples incubated in a 55 C water bath for 45 min.
samples contained between 6xl0
milk.

4

to l.88xl0

6

These

somatic cells per ml of

The results (Table 2) gave a "t" test of 1. 78 (a

=

which indicated that both tests were comparable (Tabular t

0.025)
=

2.045).

This improvement made preparation for assay simpler, less time
consuming and more convenient.
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Table 2.

Comparison of the manual syringe and Fisher autodiluter
procedures upon somatic cell count
4
Somatic Cells (xl0 /ml of milk)
Manual syringe
Autodiluter
procedure
procedure

Sample No.

6
8
10
12
12
12
14
14
14
14
14
16
16
18
20
20
22
22
24
24
26
28
28
28
28
34
46
56
62
66
188

1
2

3
4
5
6
7
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

6
8
10
10

12
12
14
14
14
16
12
16
16
18
20
18
20
22
22
24
26
32
24
26
28
36
44
56
60
66
184

n=30
d=0.53
Sd=l.66
t=

d-0

silk=

1. 78

(a.

o. 025)

Difference
0
0
0
-2
0
0
0
0
0
+2
-2
0
0
0
0
-2
-2
0
-2
0
0
+4
-4
-2
0
+2
-2
0
-2
0
-4
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The Effect of Sample Age and Potassium Dichromate upon
the Accuracy of OSCC II Test
Technicon Industrial Corporation indicated that potassium dichromate tablets (NASCO, Ft. Atkinson, Wisconsin) which contained
binding material, might interfere with somatic cell counts.

The so-

matic cell readings might be increased by 30,000-50,000 cells/ml
(personal communication, Aldo Conetta, Technicon).
When a 0.1 g potassium dichromate preservative tablet was dissolved in 25ml of water and run through the somatic cell counter
system, no particles were counted.

The effect of preservative in

milk on somatic cell detection was determined by testing two groups of
60 milk samples differing only in one being preserved.

The preserved

samples showed an average value of 14,000 cells/ml more than fresh
5
samples which contained an average cell count of 3.6xl0 •

This did

not create a measurable bias when fresh vs preserved samples were
plotted over a wide range (Figure 7).
The effect of storage was determined on 30 preserved milk samples.
Samples were incubated at room (20-23 C) and refrigeration (4-7 C)
temperatures and tested at different time intervals.
somatic cells in these 30 samples was from l.6xl0

5

The range of

to 3.72x10

6

per

ml of milk.
Tables 3 and 4 show the changes of somatic cell counts in milk
samples stored at room and refrigeration temperatures at different
time intervals.

Room temperature caused a significant decrease of

somatic cell counts after 2 days while the cold temperatures caused

Figure 7.

The influence of potassium dichromate preservative on
somatic cell count.
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Table 3.

The effect of room temperature (20-23 C) storage on somatic
cell count
Somatic Cells {xl0
two-day

4

/m1~

three-day

Sample No.

one-day

1
2
3
4
5
6
7
8
9
10

8
10
12
16
18
24
26
28
32
38
42
44
54
56
60
64
68
80
88
90
98
100
100
106
124
134
142
150
158
170

8
10
14
16
24
24
26
30
30
36
48
48
52
54
60
66
68
78
94
80
100
100
98
88
130
134
148
140
160
172

64
90
108
132
128
124
128

70

72

52

11

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
Mean

10
4
10
10
6
22
24
8
14
30
40
28
10
30
24
60
58
72

78
64
16
68
72
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Table 4.

The effect of refrigeration temperature (4-7 C) storage
on somatic cell count
4
Somatic Cells {x10 /m12
two-day
three-day
four-day

Sample No.

one-day

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

10
12
14
18
20
24
30
34
38
42
48
50
52
60
62
66
68
68
68
70
70

14
14
12
18
18
24
30
36
38
40
50
50
54
66
62
62
70
70
66
70

72

82
86
104
124
128
140
168
186
67

Mean

five-day

70
88
86
100
124
130
136
168
188

14
14
20
20
22
26
30
30
30
40
44
40
48
62
60
60
60
66
66
64
70
68
82
80
100
120
122
130
170
184

12
14
12
20
20
22
24
26
28
36
40
44
46
58
56
50
52
62
60
60
68
64
80
70
108
116
116
130
168
180

16
18
20
20
26
26
30
30
34
42
54
50
46
50
56
58
55
64
70
62
68
95
84
102
110
124
98

68

65

62

52

72

10
10
10
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very little change in samples until after 4 days.

There was a greater

percentage loss with increased storage in samples containing higher
amounts of somatic cells than samples containing lower amounts of
somatic cells.

These results suggested that samples preserved with

potassium dichromate should preferably be stored at refrigeration
temperatures and tested within 4 days after sampling the milk.
Somatic cell counts gradually decreased with increase in storage
time and temperature.

Most samples sent to central milk testing

laboratories for fat analysis have been held for 2 days at room temperature.

A few are 4 or 5 days old.

Somatic cell determinations

in older samples may not be as accurate but may still give helpful
estimates of animal health conditions.

This loss of accuracy would

have to be accepted in areas where refrigerated sample shipments are
impossible.
Estimation of Casein with A0-12 Dye
Duplicate Kjeldahl and A0-12 dye-binding tests were performed
on six fresh milk samples to calibrate the dye-binding method.

Table 5

results show no significant difference between the Kjeldahl and A0-12
dye-binding method used in this study.
The A0-12 dye-binding and Kjeldahl methods were also compared
using whey protein from 20 fresh milk samples.

The Kjeldahl results

were higher by an average of 0.04 percent (Table 6).

The 0.04 percent

higher value was identical to that found by McGann et al. (1972) when
amino black dye was used.

Therefore, 0.04 was added to each result

when estimating NCP by the A0-12 dye-binding method.
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Table 5.

Comparison of total protein results from Kjeldahl and A0-12
dye-binding methods

Sample No.

Kj eldahl (%)

1
2
3
4
5
6

Table 6.

Sample No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
Mean

Dye-binding(%)

3.13
2. 70
3.00
2. 79
2.34
2.66

3.03
2.70
3.01
2. 79
2.28
2.65

Comparison of Kjeldahl and A0-12 dye-binding determinations
of non-casein protein

Kjeldahl

Non-casein Protein
A0-12 dye-binding
0.56
0.58
0.60
0.60
0.66
o. 70

Difference

0.594
0.621
0.640
0.655
o. 706
0. 750
0.760
o. 763
o. 764
0.788
0. 794
0.811
0.830
0.833
0.843
0.874
0.911
0.930
0. 962
0.976

0. 71
o. 74
0.73
o. 78
0. 80
o. 79
0.80
0.84
o. 89
0.90
0.92
o. 93

0.034
0.041
0.040
0.055
0.046
0.050
0.040
0.043
0.054
0.048
0.064
0.031
0.030
0.043
0.043
0.034
0.021
0.030
0.042
0.046

o. 790

0.75

0.04

o. 72
o. 72
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This rapid method is good for both individual and mixed milk
samples.

It has the advantages of using A0-12 dye (Udy, 1971) and

eliminating the influence of the non-protein nitrogen content (McGann
et al., 1972).

The casein determination required three separate

readings, thus limiting the testing to 8 to 12 samples per h.

However,

it is still easier than the Kristoffersen et al. (1974) method which
required centrifugation for skiunnilk and rennet clotting for casein
separation.
Potassium dichromate adversely affected the dye-binding test.
The reading of preserved milk was found to be always higher than that
of fresh milk.

When the filtrate (preserved milk + dye reagent)

passed through the cuvet, the needle fluctuated slowly to a higher
reading.
The milk samples used subsequently were maintained fresh and
refrigerated (4-7 C) before estimating fat, protein fractions and
somatic cells.
Correlation of Somatic Cell Content with Fat, Casein,
Total Protein and Total Milk Weight
From December, 1973, to May, 1974, three different herds, including Utah State University (USU, 713 samples), E. F. Taggart (287
samples), and G. W. Salisbury (292 samples), were examined for fat,
protein fractions and somatic cells.

Fat and somatic cell tests

were examined within 24 h after milking.
assayed within 48 h.

Protein fractions were

62

Table 7 shows the six month mean composition of these samples.
The cows were divided into four classes depending upon the amount of
somatic cells per ml (Table 8).

The results show that fat and protein

content in milk vary little between classes.

The casein/protein

percentage has an inverse relationship with somatic cell content.
Samples from USU and G. W. Salisbury herds that possessed somatic
cells of lxlO 6 /ml or more per ml showed reduced casein percentage.
Milk weight declined as the cell content in milk increased
(Schalm et al., 1971).

In the three herds, samples with high cell

counts decreased in milk weight.

In the USU and G. W. Salisbury herds,
6
the milk weight of samples containing somatic cell counts over 10 /ml

had not significantly decreased as compared to that of samples con6
5
taining Sx10 -10 cells/ml.
The r values for all data combined are presented in Table 9.

The

r values of somatic cells with fat, protein fractions and milk weight
are low in most data examined.

However, somatic cells were uniformly

correlated in a negative direction with fat, TP, casein, the ratio of
casein to TP, milk weight, and total casein.

Positive correlation of

somatic cells with NCP was found.

The quantity of casein in milk is

important for cheese manufacture.

White (1972) stated that the per-

cent casein varied greatly from cow to cow and the reason was probably
due to genetics and disease.

Haenlein (1974) reported that selective

breeding could increase the casein percentage in milk.

In Table 9,

the high positive correlation that existed between casein percent and
TP percent indicated that TP tests might be an adequate measurement
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Table 7.

The means of somatic cells, fat, protein fractions and milk
weight of 1292 milk samples

Variables

Dec.

Jan.

Feb.

Month
March

Apr.

May

4.0
3.4
2.5

Utah State University Herd
Fat
Protein
Casein
Casein/Protein
Milk weight
Total casein
Somatic cells
(x2xl04/ml)

(%)
(%)
(%)
(%)
(lb)
(lb)

No. of samples

4.1
3.8
2.9

4.1
3.7
2.9

3.9
3.5
2.6

3.9
3.4
2.6

76

78

74

76

74

33.8
0.98
24

35. 7
1.04
22

38.3
LOO

21

40.2
1.05
19

41. 2
1.03
28

3.8
3.3
.24
75
43.4
1.04
27

121

119

117

120

124

112

3.8
3.1
2.3
74
42.6
0.98

3.6
3.1
2.3
1.03

8

8

E. F. Taggart Herd
Fat
Protein
Casein
Casein/Protein
Milk weight
Total casein
Somatic cells

(%)

77

78

76

(lb)
(lb)

35. 5
0.96
12

34.9
1. 01
13

36. 7
0.92
11

4.0
3.2
2.4
75
38.3
0.92
17

47

so

45

51

49

45

3.6
3.2
2.4
75
51.5
1. 23

3.2
3.1
2.3

24

3.4
3.3
2.5
76
53.3
1.23
17

55.0
1. 27
17

51

48

43

(%)
(%)
(%)

4.2
3.5
2.7

4.3
3.7
2.9

4.3
3.3
2.5

74
44.8

4
(x2xl0 /ml)
No. of samples

G. W. Salisbury Herd
Fat
Protein
Casein
Casein/Protein
Milk weight
Total casein
Somatic cells
4
(x2xl0 /ml)
No. of samples

(%)
(%)
(%)
(%)
(lb)
(lb)

3.6
3.4
2.7
79
1.21
17

3.8
3.5
2.8
80
46.4
1. 30
19

1. 20
18

49

48

53

44.8

3.7
3.3
2.5
76

48.2

74
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Table 8.

The relationships of somatic cell count to fat, protein
fractions and milk weight of three herds
Somatic cells classes {x105 Lm12

0-3

Variables ·

3-5

5-10

10-40

Utah State University Herd
Fat
Protein
Casein
Casein/Protein
Milk weight
Total casein

(%)
(%)
(%)
(%)
(lb)
(lb)

No. of samples:

3.9
3.5
2.8
80
40.9
1.12

4.1
3.6
2.8
78
34.3
0.96

4.0
3.6
2.7
75
28.9
0.78

4.0
3.5
2.4
69
30. 5
0.73

418

134

78

83

5.4
4.4
3.2

E. F. Taggart Herd
Fat
Protein
Casein
Casein/Protein
Milk weight
Total casein

(%)
(%)
(%)
(%)
(lb)
(lb)

No. of samples:

3.9
3.2
2.4
76
41. 3
0.97

4.2
3.5
2.5
73
31. 4
0.78

4.2
3.6
2.6
80
27.7
0.73

17.6
0.56

204

48

34

1
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G. W. Salisbury Herd
Fat
Protein
Casein
Casein/Protein
Milk weight
Total casein
No. of samples:

(%)
(%)
(%)
(%)
(lb)
(lb)

3.5
3.3
2.6
79
51. 3
1. 33

3.8
3.3
2.5
76
48. 5
1. 21

3.6
3.4
2.5
74
44.3
1.11

3.3
3.3
2.3
70
45.6
1.05

146

53

77

16

65

Table 9.

Correlation coefficients of somatic cell count, fat, protein
fractions, and milk weight on three herds

Variables

Somatic
cells

Fat

Protein

Casein

NCP

Casein/
Protein

Milk
weight

Utah State University Herd
Fat
Protein
Casein
NCP
Casein/Protein
Milk weight
Total casein

-.10
-.09
-.18
+. 25
-.26
-.30
-.21

+.49
+.45
+.11
+.14
-.48
-.31

+. 88
+.32
+.18
-.52
-.18

-.17
+.61
-. 35
+.12

-. 86
-.40
-.62

+.13
+.51

+.85

-.05
+.18
-.55
+.17

-.32
-. 70
-.69

+.06
+.18

+.91

-.81
-.47
-.41

+.22
+.40

+.91

E. F. Taggart Herd
Fat
Protein
Casein
NCP
Casein/Protein
Milk weight
Total casein

-.22
+.58
+.53
+.39
-.08
-.34
-.23

-.10

-.11
+. 46
-.27
-.36
-.38

G.
Fat
Protein
Casein
NCP
Casein/Protein
Milk weight
Total casein

-.18
-.05
-.08
+. 30
-.32
-.25
-.15

w.

+.94
+. 59
+.09
-. 71

-.41

Salisbury Herd

+.41
+. 30
+.25
-.08
-.20
-.06

+.91
+. 59
-.01
-.50
-.14

-.22
+. 39
-.37
+.04
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for use in herd improvement and cheese production.

A significant re-

lationship existed between milk weight and casein content.

They have

an inverse relation.
A relationship between somatic cells and casein/protein (%) of
-0.32 in this study was shown in the G. W. Salisbury herd.

In January,

1974, the USU herd showed a casein/protein (%)-somatic cell correlation
coefficient of -0.58 (Figure 8).

Figure 9 is the plot of correlation

of -0.35 between somatic cells and total casein in USU herd in December, 1973.
Grappin et al. (1970) utilized healthy and mastitic cows for research samples.

They examined 83 quarter samples and stated that the

correlation between somatic cells and the proportion of casein, and
whey proteins was -0.58, and +o.62, respectively.

Although the corre-

lation between somatic cells and casein/protein (%) of -0.58 in USU
herd in January, 1974, was similar to the result of Grappin et al.
study, there were low r values when all the data within herds were
combined.
The samples collected for this study were four-quarter blended
milk samples.

One or two quarter mastitis problems might vanish from

the blended samples and would not produce a strong relationship between somatic cells and other protein fractions.
The Evaluation of OSCC II for DHI Testing Programs
The cost of running OSCC II per sample was evaluated.

The calcu-

lation was based on 10,000 samples being run per month and 4 years to
amortize the OSCC II instrument.

Two liters of reagent would be
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enough for approximately 800 samples.

The labor costs, including the

payment for running 100 samples per h and washing of test tubes, were
based on three dollars per h.

The calculated cost was approximately

6.6 cents per sample (Table 10).

Table 10.

The evaluation of per sample costs for OSCC II operation

Material

Cost(dollars)

Cost(cent)/sample

11,700.00

2.4

2,808.00

0.6

Reagent (two liters)

4.65

0.6

Labor (100 samples/h)

3.00

3.0

OSCC II system
Maintenance and interest

I\

6.6
l, {
~

{.I

The labor costs for collecting and shipping samples were not ineluded in this calculation, because the samples for measuring fat
could be also used for measuring somatic cells.
Milk samples received at the central laboratory at Logan were
assayed for somatic cells.

Most of the samples were tested from

patrons who requested the test and were charged 5 cents each.

Others

were selected at random during the period of the survey when the instrument was evaluated (Table 11).

It was possible to operate the instru-

ment for 5,000 samples per month using a half-time technician.

Thus,

the instrument could be operated at 10,000 samples per month if
assigned to a full-time technician and if the samples were fixed by the
Milko-Tester operator as described earlier.
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Table 11.

Number of samples processed through the Logan Central Milk
Testing Laboratory

Month

Milkfat

Somatic Cell Count

March 1973
April
May
June
July
August
September
October
November
December

6,500
7,600
7,100
10,500
12,600
11, 700
11, 300
18,100
16, 800
16,500

293
525
577
936
1,025
2,050

January 1974
February
March
April
May
June
July
August
September
October
November
December

18,800
17,300
26,200
25, 800
23, 300
22,100
25, 800
25,900
24,300
27,500
26,800
31,500

1,670
1,595
1,610
1,830
2,960
1,304
1,105
305

January 1975
February
March
April

25,880
29,050
30,059
28,665

5,429
5,558
5,026
5,446

527,654

52,614

TOTAL

710

4,040
3,226
5, 394
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Because of a computer problem with the DHI Computing Service in
Provo, Utah, only seven symbols were available to encode the somatic
cell data.

These symbols were those routinely used for the CMT.

Thus

it was decided to use the same signs but give them values which would
correspond with the OSCC II recorder readings and which would be
identified as instrumental generated symbols by a pillow symbol on
the computer and barn sheet records.

The range of counts used with

each symbol are indicated in Table 12.
The data of samples tested on a monthly basis are included in
Table 13.

Five percent or more of the animals tested during this sur-

vey were found to have somatic cell counts over 1.2 million.

Those

samples run in the early part of the survey period had a higher percentage of somatic cells than those during the later part of the
survey period.
The results obtained can be made available to the producer and
he can be aware of management changes that are needed if the barn
sheets are returned as soon as possible.

It is recommended that the

high temperature water bath treatment be used for the fixation of the
cells so that the test can be run on the same day with the butterfat
test.
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Table 12.

5. ,_.f,(. Ce {( DJt1tr1-f
Grading and interpretation of .milk ~ttalit' using the CMI'
and the OSCC II

Interpretation~
CMf (
Symbol

)

Cells/ml

OSCC*
Recorder
Reading

Cells/ml

0-200,000

0-20

0-400,000

T

150,000-500,000

20-40

400,000-800,000

1

400,000-1,500,000

40-60

800,000-1,200,000

2

800,000-5,000,000

60-80

1,200,000-l,600,000

3

generally>5,000,000

80-100

1,600,000-2,000,000

+

alkaline milk

y

acid milk

*Identified on DHI Computer records by a pillow symbol (CJ) to separate
it from the CMf test.
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Table 13.

Percentage of milk samples iR 3omatic c911 eotmts in each
CMI' code category on a monthly basis
Q5.Cl .Jl

WI

ll CMT symbol code (SeE T..,lo /~

<.

2

T

1
(%)

2

3

Month
July 1973
Aug
Sept
Oct
Nov
Dec

67.4
65.0
73.1
77.6
80.0
80. 3

18.3
20.4
16.0
12.7
12.6
10. 3

6.3
5.2
3.7
3.2
3.6
4.6

4.9
5.4
4.2
3.7
1. 8
1. 6

3.1
4.0
3.0
2.8
2.0
3.2

Jan 1974
Feb
Mar
Apr
May
June
July
Aug & Sept
Oct
Nov
Dec

78.1
75.2
78.5
69.2
63.2
65.9
60.2
50.2
86. 5
90.7
79.9

13.2
16.9
15.7
14
22.2
19.5
24.4
26.6
10. 6
5.7
10.9

3.3
2.5
2.2
5.4
5.7
6.5
6.3
12.3
3.5
2.6
3.9

1.5
1.6
2.2
3.6
4.6
4.6
5.9
4.9
0.6
2.5

3.9
3.8
1. 4
7.8
4.2
3.4
3.2
5.9
0.1
0.2
2.6

Jan
Feb
Mar
Apr

88.9
90.8
85. 9
75.6

7.6
6. 7
9.0
16. 7

2.2
1.6
2.8
4.4

1.0
0.6
1.0
2.0

0.5
0.3
1. 3
1. 3

75. 3

14.8

4.4

2.8

2.7

1975

Average

0.8
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CONCLUSIONS

1.

Sample preparation was simplified using a Fisher Autodiluter

to prepare milk samples prior to assaying somatic cells.

This improve-

ment made the OSCC II test simpler and more time-saving with no loss
in accuracy.
2.

Potassium dichromate preservative tablets produced no signi-

ficant effect on the OSCC II test.

Two-day old samples kept at room

temperature and four-day old samples at 4-7 C showed very little change
in somatic cell count.
3.

Potassium dichromate produced a positive bias on the estima-

tion of protein fractions using the Udy dye-binding method.
4.

The average somatic cells in the 3 herds tested for 6 months

was 3.8x10 5 per ml.

The other components averaged:

3.9 percent for

fat, 3.4 percent for protein, 2.6 percent for casein, 75 percent for
casein/protein and 41.3 lb for milk weight.
5.

There were no significant correlation coefficients between

somatic cells and fat, protein fractions and milk weight.

Better

relationship between somatic cells and casein/protein (%) of -0.58 in
this study was shown in the USU herd (93 samples), in January, 1974.
Blend milk samples from all 4 quarters were assayed.

Better relation-

ship may have been shown on individual quarter samples.
6.

There was a significant positive relationship between casein

and protein content and a negative relationship between casein content
and milk weight.
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7.

This study did establish the workability of the OSCC II in

a central milk testing facility involved in the routine testing of
DHI milk samples.
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